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What is SIXTE? EAU

Overview

SIXTE = SImulation of X-ray TElescopes

Compromise between exactness of Through imaging and detection
the simulation and speed

Modular approach (easy to add new
detector/physics)

Study and optimize performance y =
across science cases _ N
From astrophysical source

Support instrument and ground
segment development

One simulator applicable to multiple Simulating the full detection chain
X-ray missions
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The SIXTE Simulator

I

Modular Approach
Monte Carlo simulator propagating single photons through the instrument
(including possible interaction)
[ Telescope & Mirror Model ] [ Detector Model ]
al'l’adlv.aaraa PSF I dalutor-h!pn
pointing vignetting ;‘,:‘;*’“‘ + pile-up, background, bad pixels
Y ] Y
Source Photon Photon Photon Impact Event
Catalog Generation List Imaging List Detection
arrival time arrival time read-out time
::zirtgi:n (RA, Dac) :::Tg:n X Y) recon. energy

position (RAWX, RAWY)

/

Output:
Input: X-ray source catalogue

Fits event file
Flux / light curve

Read-out time
Spectrum

Measured energy

Position / image

Pixel (RAWX, RAWY)
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Simulation Input
Source Description

I

Simulation Input Format: be as close as possible to reality (no
artificial limitations), independent of instrument.

You can define your
favourite source once
and simulate it with any
detector!

Friedrich-Alexander-Universitat Edangen-Nimberg 19. Juli 2026 5



T
>
(e

Telescope & Mirror Modelling

Photon Imaging

Photon « Imaging described by the PSF files of the mirrors:
o depends on photon energy and off-axis angle (and ¢ rotation angle)

Imaging
« Ray-traced NewAthena PSF:
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Detector Modelling |;/A%\U

Event Detection

[ Detector Model ]

» Detection process depends on the type of detector simulated
o DEPFET / CCD-type detectors (e.g. NewAthena WFI, XMM,
eROSITA, etc.)
o Calorimeter (e.g. NewAthena X-IFU, XRISM Resolve)

o Lobster eye optics & coded masks (e.g. THESEUS)

o Polarization (eXTP, work in progress)

» Various detector effects accounted for: Readout mechanics, RMF,

Bad Pixels (new)
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Simulation Output =AU
FITS event files
Using the SIXTE tools you can utilise the Event
event file for your science! File
Images with imgev Spectra with makespec Light curves with makelc
' ' R T e e e e o e e e e e e
| o ; ey o
kb | ﬁ [ =
[ M .!‘ |“ J‘ﬂ i ,‘I M w M‘ ‘ ‘Im-“ i 3x107° erg s 'em™2
ur“fMU W%l m‘ *'M \Ww ' ‘ T: T |
m.u:_:’ ',-' T 0..--- 005 e '.._I,O,Icis__:w.ug 600
] Z 400 -
3 | | -;10'“‘ 200 =
o Hjﬁm_“ 0 50 100 150 200
1 ] Time [s]
Bnergy (keV] 0l ey THESEUS XGIS reconstructed light curves

Simulation example of Abell 2146 with X-IFU
(T. Dauser/E. Pointecouteau)
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Many types of simulations for

different instruments possible:

« all-sky simulation (eROSITA)

« deep survey (Athena WFI)

« galaxy cluster (Athena X-IFU,
XRISM Resolve)

eROSITA

Athena X-IFU

XRISM Resolve




Instrument Modelling

=AU

Available Instruments

XRISM

Einstein Probe
e AXIS . "’T '

SIXTE is the official end-to-end simulator for many planned X-ray
missions:

* NewAthena (DePFET Array WFI, Microcalorimeter X-IFU)
« THESEUS (Lobster-Eye Telescope SXI, Coded Mask Instrument XGIS)

Use case: to assess performance of X-ray
telescopes.

For SRG/eROSITA, SIXTE also provided mock data for ground segment
software development.

For XMM-Newton and XRISM, SIXTE is used for proposal writing.

Suzaku
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Instrument Modelling

Available Instruments

=AU
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THESEUS SXI as simulated with SIXTE, Galactic Center Simulation Example
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Instrument Modelling |;/A%\U

Available Instruments

30
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NewAthena

20
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Chandra Deep Field South with NewAthena WFI Dithering application removes the gaps between the
chips.
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Instrument Modelling

Available Instruments

=AU

J 033208 .7 _274735 hSuurce Spectrum of J033208.7-274735

(Quasar)

Spectrum generated using :
XMM-Newton SIXTE task makespec
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. ] Perseus Cluster
420 3 |
2000 # . o — : 7000
400 # g = :
: W 400
- £ e S ‘ 6000
380 . # ’ % s & e & %
.o 1500 = g e g 350 5000
> 340 ‘2 § = T . b ; : i g
3 e -t > 300 4000 3
320 1000 S . . ! <
Sl o R ; 250 3000
= 500 o = g 200 2000
260 “ . 3 : o
; . 1000
250 275 300 325 350 375 400 425 ; 150
" - 150 200 250 300 350 400 450
5 : .
Tycho SN simulated for EPIC MOS1 Chandra Deep Field South Perseus cluster simulated for EPIC-
Full Frame (single node) Thick Simulated for EPIC-pn Full Frame pn Full Frame Medium Filter

Filter Thin Filter with Bad Pixel Masking
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Example 10deg? field mosaic XMM-Newton

observation simulation with SIXTE for FF Thin Filter
40ks exposure

EPIC-pn

SIMPUT of AGN and

Total 161 observation tiles

Galaxy Clusters

Roll angle cycled through 0°, 45°, 90°, 135°

Pointing moved by 15'




Area zoom in
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Example 10deg? field mosaic XMM-Newton
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40ks exposure

Total 161 observation tiles

Roll angle cycled through 0°, 45°, 90°, 135°

Pointing moved by 15'




Example science use case

Science use case example

See X-ray detection of a nova in the fireball bmdn " _ =
phase by Konig et al. 2022 ' _eROSTAdaa
T: 109 — Black body .
_2 ; APEC ;
« Using SIXTE to simulate and correct the s I By T
detector’s response to measure the £ wop / =
nova'’s real physical properties, even i f piscup |\, ]
though the observation was affected by g 1o T

Intrinsic

il

extreme pile-up.
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https://www.sternwarte.uni-erlangen.de/sixte/

O
o Also via SciServer and DockerHub (fausixte)

 Helpdesk: sixte-support@lists.fau.de

* Mailing list: sixte-users@lists.fau.de

 Further information:
o Dauser et al. (2019, A&A 630, A66)

o The SIXTE manual

Friedrich-Alexander-Universitat Edangen-Nimberg

Installation, instrument files, and tutorials:

=AU
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Additional Slides

Summary of SIMPUT & SIXTE Workflow

~

SIMPUT Package

SIMPUT definition
Tools

SIMPUT
Library

/

I— _>/ SIXTE Package

SIXTE

Tools

~

= You will need both SIMPUT and SIXTE

I

FAU

(1) Preparation of the input of the
simulation: simputfile with source

(2) Running the simulation: sixtesim

« Simulation for most detector setups and
exposure

» Output: one or multiple standard FITS event files

3) Analyzing the simulation: imgev, makespec,

makelc

« Creating spectra and images from event files

« Data analysis depends on the simulation

« SIXTE data products are compatible with common
X-ray data analysis software -> use your favorite!
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